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Abstract—Natural fibers have gained attention in composite 
making since it is sustainable, renewable and environmental 
friendly. However, there are some drawbacks such as low tensile 
strength, modulus and flexural strength compared to industrial 
synthetic fibers. Various techniques have been used to increase 
the mechanical properties of the reinforced material in order to 
compete with synthetic fibers. This study is to produce reinforced 
fabric made from kenaf fibers woven into four different weave 
patterns. The reason for the use of different weave patterns is to 
reduce the crimp percentage as it may increase the tensile 
strength of the fabric. The weave patterns are Twill 4/4, Satin 8/3 
and Basket 4/4, while Plain 1/1 is used as a benchmark for its 
tensile strength. The dry fabrics structure with different weave 
pattern was optimized using a simulation of WiseTex software. 
The dry fabrics were infused with unsaturated polyester to 
produce composite panel using vacuum infusion process. The dry 
fabric and the composites were tested on tensile strength and 
compared with the Plain 1/1 weave pattern. The result shows the 
breaking strength of dry fabric increased when different weave 
pattern with low crimp percentage were used compared with 
Plain 1/1. Yet, in composite form there is reduction in tensile 
strength for Basket 4/4 due to changes in the fabric structure 
making some parts of the composite became weaker. The other 
weave patterns still retain the trend of increment in tensile 
strength compared with Plain 1/1 weave. 
Keywords—fabric design; textile composite; kena;, tensile 
strength; vacuum infusion process. 
I.  INTRODUCTION 
In recent years, interest in woven fabric of synthetic fibers 
as a structural application for textile composite has risen. This 
is due to ease of handling, low cost, balanced in-plane 
properties, impact resistance and damage tolerance. 
Nowadays, structural woven fabric has attracted researchers to 
apply it in natural fibers such as kenaf, ramie and sisal. 
Although synthetic fibers meet structural and durability 
demands, the advantages of natural fibers are low cost, low 
density, comparable specific strength, ease of separation and 
recycle [1]. Study to replace synthetic fibers in composite due 
to its environmental issues and potential health hazard has 
resulted increased demand for natural fibers.    
Designing a dry fabric for textile composite is greatly 
influenced by several parameters such as the fibers, yarn size, 
fabric count and the weave design. Fabric strength is due to 
the conversion of fiber strength to yarn strength and finally to 
fabric strength. When a load has been applied on a woven 
fabric, frictional resistance between fibers occurs followed by 
crimp interchanged and lastly the yarn extension where the 
load is applied towards the yarns [2]. Yarn crimp is the 
waviness of warp yarn and weft yarn interlacing together to 
produce fabric construction. It is affected by yarn count, fabric 
structure and weaving tensions and related to the strength of 
textile fabric. If a load is applied on a woven fabric and the 
yarns are straight and non-crimp, full load will be faced in 
tension at complete strength. However, if the yarns are 
crimped or bent then the initial load will be consumed in 
straightening bent tows and then take up load subsequently 
leadings to low strength materials [3]. 
There are several fabric weaves being used in the 
application of synthetic fibers such as glass, carbon and 
aramid fibers. The fabric weave is determined by the 
technique of the interlacement between warp and weft yarns. 
The Plain weave is the basic reinforces structure in textile 
composite, stable but high crimp percentage. The Basket 
weave is similar to the plain weave structure except in the 
alternate interlace yarn are two or more warp and weft yarns. 
It is much stronger and more pliable than Plain weave but less 
stable. The Twill weave has a much looser structure and is 
characterized by a diagonal line created by floated yarns. It is 
more pliable than the Plain weave, offers better drapability 
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and is more stable compared to Satin weave. Satin weave has 
a smooth surface with lots of floated warp yarns, good 
drapability, very pliable weave and used for forming curved 
surfaces [4].  
Study has shown that during the weaving process, fabric 
contraction occurs at fabric fell causing changes in the fabric 
structure. It is also related with the fabric weave and the 
changing of the structure which has significant influence on 
some fabric properties such as the porosity, air permeability, 
thickness, crimp, elongation and strength [5]. The changing of 
the fabric structure may cause jammed structure. In this 
situation, warp and weft yarns do not have mobility within the 
structure as they are in intimate contact with each other [6]. 
All the factors can affect the properties of dry fabric especially 
after been fabricated into a natural based composite. 
Unsaturated polyester (UPE) is a matrix resin usually used 
as a binder in Fiber Reinforced Polymer (FRP) products. It is 
one of the most popular thermosetting resins due to its low 
cost, excellent process ability and good cross linking tendency 
with good mechanical properties when cured [7]. Due to the 
properties of cure capability at room temperature and low-
viscosity, it can combine with natural fibers and is widely used 
in industrial applications compared to other thermosetting 
resin [8]. The process ability at low pressures has made it easy 
to handle in processes like hand lay-up, filament winding and 
liquid molding composite. 
The objective of this paper is to investigate and analyze the 
influence of weave design towards woven kenaf dry fabric as 
structural material for the fabrication of natural based 
composite. The investigation is on the yarn crimp which is 
related with the tensile strength of the dry fabric and in 
composite form. The stability of the fabric structure for 
different weave design is also a concern as it may affect the 
tensile property of the composite. 
II. EXPERIMENTAL 
A. Materials 
The Kenaf yarn was supplied by Juteko Bangladesh Pvt. 
Ltd, Dhaka, Bangladesh with linear density of 759tex. 
Unsaturated polyester resin (2597P-I) was used as the matrix 
material and methyl ethyl ketone peroxide (MEKP) as the 
catalyst were provided by Wee Tee Tong Chemical Pvt. Ltd., 
Singapore. 
B. Preparation of Woven Kenaf 
The Kenaf yarn was woven into four different weave 
designs; Plain 1/1, Twill 4/4, 8 harness Satin and Basket 4/4 
using a floor loom (Fig. 1). The weave was selected as it is the 
design used in common synthetic fibers for industrial purposes 
[9-11]. Each selected weave has a long float which will reduce 
the yarn crimp percentage and this will give clear effect when 
compared to Plain weave. The design is also compatible for 
processing using the floor loom. 
 The fabric count was predicted using WiseTex software to 
produce a non-jammed balanced dry fabric suitable to be 
processed into composite. The result after weaving process 
shows that the plain fabrics are unbalanced fabric as the weft 
direction is much lesser than warp direction. The other weave 
designs are successfully being made into balance fabric. 
a)   
 
b)   
 
c)   
 
d)  
 
Fig. 1: Photographs and 3D images from WiseTex software of dry fabric a) 
Plain 1/1 b) Twill 4/4 c) Satin 8/3 d) Basket 4/4 
C. Fabrication of Composite Panels 
The four different weave designs were fabricated into 
composite panels using unsaturated polyester as the matrix 
and processed with vacuum infusion (VIP). VIP is a closed 
mold with one side rigid and the other flexible which is 
usually covered by vacuum bagging. 
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III. TESTING 
A. Crimp Percentage 
 The crimp percentage is calculated by dividing the 
difference between straightened thread length and the distance 
between the ends of the thread in the fabric. 
 C, % = (L – S) ÷ S X 100     
where C is crimp percentage, L is straightened yarn length and 
S is fabric length. 
B. Microscopy Tests 
 A Meiji Techno optic microscope equipped with a video 
camera and VIS PLUS version 2.0 software were used to take 
a digital image of the composite and the fracture surface. 
C. Tensile Test 
The tensile test was conducted using LLYOD, LR30K 
Universal Tensile Machine and the test sample proceed only in 
the warp direction. A Revealed Strip Test was used to 
determine the breaking strength of the dry fabrics according to 
standard test of ASTM 5035-95C. The loading rate for five 
specimens test is at 300 + 10mm per min. The tensile test for 
the composite was carried out according to ASTM D3039 and 
each test used five specimens at a crosshead speed of 
1mm/min. 
IV. RESULT AND DISCUSSION 
A. Effect of Crimp on  a Dry Fabric   
Table 1 shows four different weave designs with balanced 
fabric accept plain weave due to floor loom limitation. The 
yarn crimp at weft direction is much higher compared to warp 
direction for Twill 4/4, Satin 8/3 and Basket 4/4. It is different 
with Plain weave, where the yarn crimp in warp direction is 
much higher compared to weft direction. The difference in 
yarn crimp percentage in warp and weft direction maybe due 
to high tension in one direction causing crimp interchange in 
the other direction [12]. Overall, the result shows that Plain 
weave has the higher crimp percentage compared to the 
others. Theoretically, Plain weave will have high crimp due to 
its maximum interlacement compared to other weaves. Less 
crimp will result in greater strength on the fabric as its free 
inter yarn and fibers contribute towards the force.  
TABLE I.  FABRIC COUNT AND CRIMP PERCENTAGE OF SELECTED 
WEAVE DESIGN 
Fabric specifications 
Plain 
1/1 
Twill 
4/4 
Satin 
8/3 
Basket 
4/4 
Fabric 
count  
Ends per cm 5 5 5 5 
Picks per cm 4 5 5 5 
Crimp, 
% 
Warp 16 3.0 3.7 2.8 
Weft 8.1 6.2 4.4 4.7 
Fig. 2 shows the breaking strength of dry fabric in warp 
direction for different weave designs. There are significant 
difference in crimp percentage and breaking strength of the 
fabric weave. The highest crimp percentage which is plain 
fabric has the lowest breaking strength. There is little 
difference in crimp percentage between Twill 4/4, Satin 8/3 
and Basket 4/4 but the result of the breaking strength shows 
Basket 4/4 has the highest breaking strength followed by Satin 
8/3 and lastly Twill 4/4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Breaking strength of dry fabric in warp direction with different weave 
design 
B. Effect of Designs on a Composite 
Fig. 3 shows the tensile strength of the composite for 
selected weave design and the trend have almost the same  
breaking strength as dry fabric except Basket 4/4 composite. 
The design of dry fabric for Basket 4/4 has followed the 
theory of low crimp percentage but it shows reduction in 
tensile strength when in composite form. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Tensile strength of composite for different weave design  
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During the weaving process of the dry fabric, contraction 
occurs on the cloth fell or the reed of the loom [5]. This causes 
the floating adjacent yarns which are free from interlacement 
to join together to form jammed structure while the end point 
of interlacement generates a big gap without any 
reinforcement (Fig. 4 and Fig. 5). The jammed structure has 
great influence on the properties of the dry fabric such as the 
porosity where it affects resin penetration between fibres. 
 
 
 
 
 
 
 
 
 
Fig. 4:  Weave cross section of Basket 4/4 showing jammed structure 
Fig. 5 shows microscope images of the structure and the 
fracture surface of Basket 4/4 composite where the tensile 
fracture is shown as a crack on the rich resin area and there is 
low resin penetration on the jammed structure. This has an 
influence on the composite tensile strength where the resin 
rich area is the weakest point without any reinforcement 
materials while low resin penetration on the fibres make it low 
in strength as the resin is only on the surface of the yarns. 
 
 
 
 
 
 
 
 
Fig.5: Microscopy image of Basket 4/4 composite before and after tensile test 
 
 
 
 
 
 
 
 
Fig. 6: Microscopy image of Satin 8/3 composite before and after tensile test. 
This is different with Twill 4/4 and Satin 8/3 where each 
adjacent floating yarn has a different interlacing point making 
it evenly distributed. Fig. 6 shows an example of composite 
structure for Satin 8/3 and the breaking fracture during tensile 
test. The structure of Satin 8/3 shows even yarns floating 
distribution with small gap making it free for the resin to 
distribute evenly. The result shows a good fracture surface 
during tensile without any cracking from the resin rich areas. 
V. CONCLUSION 
In this study, the effect of selected weave design has increased 
the tensile strength of the woven kenaf reinforced unsaturated 
composite. The selection of the weave design is important as it 
has a great influence on the tensile properties of the dry fabric 
and composite. A weave design with low crimp percentage 
will increase the tensile strength of dry fabric by fully utilizing 
the fibers strength. However, the formation of the fabric 
structure may affect the tensile strength when it is in 
composite form. Some of the woven designs need attention 
during fabrication as the structure may change due to factors 
such as tension and contraction. It may not affect the 
properties of dry fabric but it may affectedly when it is viewed 
in form of composites. 
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